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Abstract:
The principle of silicate layer reinforcement in a polymer matrix is known as the formation of a 3D network of
single layers. Nevertheless there is still a lack of knowledge about the physical ageing of nanocomposites respec-
tively the stability of this network over time. As most of the nanocomposite applications have a more or less
long-term shelf life respectively storage time, the investigation of the storage-time dependent behavior of the
layered 3D structure in a polymer matrix is of major interest. In this study, the rheological (shear and elonga-
tional) properties of different polypropylene nanocomposites were measured using a cone-plate rheometer and
a Rheotens apparatus. To evaluate the structural stability over time, the samples were measured immediately
after processing and after defined periods (18 and 36 months) stored under constant conditions. Furthermore
the network structure was determined using XRD and TEM measurements. The results show, that, depending
on the clay rate and especially the degree of exfoliation, the rheological properties are changing significantly.
Thereby chain-splitting caused by photo-oxidative degradation, leading to a loss in molecular weight, as well as
a weakened 3D network by reverse diffusion of the polymer chains out of the clay gallery and/or reagglomera-
tion of the nanoparticles are the two main factors.

Zusammenfassung:
Das Prinzip der Aufbereitung von Polymeren mit Schichtsilikaten wird generell durch die Bildung eines 3D Netz-
werkes der einzelnen Schichten erklärt. Diesbezüglich gibt es noch immer wenig Wissen über das physikalische
Altern von Nanocomposites beziehungsweise über die Stabilität dieses Netzwerkes in Abhängigkeit von der Zeit.
Da die meisten Nanocomposite-Anwendungen eine mehr oder minder lange Lebensdauer bzw. Lagerungszeit
haben, ist das zeitabhängige Verhalten dieser 3D Schichtstruktur von großem Interesse. In dieser Studie wur-
den die (scher- und dehn-) rheologischen Eigenschaften von unterschiedlichen Polypropylen-Nanocomposites
unter Verwendung eines Kegel-Platte-Rheometers und einer Rheotensapparatur gemessen. Um die Struktur-
stabilität in Abhänghigkeit von der Zeit zu bestimmen, wurden Probekörper unmittelbar nach der Herstellung
und nach definierten Zeiträumen (18 beziehungsweise 36 Monate unter definierten Bedingungen) untersucht.
Des Weiteren wurde die Struktur mittels XRD und TEM untersucht. Die Ergebnisse zeigen, dass abhängig von
der Menge an Schichtsilikat und im Speziellen des Exfolierungsgrades die rheologischen Eigenschaften sich stark
unterscheiden. Dabei sind sowohl Kettenspaltung durch photo-oxidativen Abbau, der zu einer Reduktion der
Molmasse führt, als auch ein durch umgekehrte Diffusion der Ketten aus den Zwischenschichten beziehungs-
weise Reagglomeration geschwächtes 3D-Netzwerk die beiden wesentlichen Faktoren.

Résumé:
Le principe du renforcement d’une matrice polymère par de la silice est connu comme la formation d’un réseau
tridimensionnel de couches simples de silice. Néanmoins, il n’existe pas d’explication pour le vieillissement phy-
sique des nanocomposites, c-à-d pour la stabilité dans le temps du réseau. Comme la plupart des applications
des nanocomposites contemple des durées de vie plus ou moins longues, l’étude du comportement de la struc-
ture tridimensionnelle au cours du temps de stockage est d’un intérêt majeur. Dans cette étude, les propriétés
rhéologiques (en cisaillement et en élongation) de différents nanocomposites de polypropylène ont été mesu-
rées en utilisant un rhéomètre cône-plan et un appareil Rheotens. Afin d’évaluer la stabilité structurelle au cours
du temps, les échantillons ont été mesurés immédiatement après la mise en œuvre et après des périodes de
stockage définies (18 et 38 mois) dans des conditions constantes. De plus, la structure du réseau a été détermi-
née à l’aide de la diffraction de RX et des mesures de TEM. Les résultats montrent que, en fonction de la vitesse
et spécialement le degré d’exfoliation de l’argile, les propriétés rhéologiques changent de manière significati-
ve. Ainsi, la scission de chaîne causée par la dégradation photo-oxydative, qui conduit à une perte de la masse
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Figure 11 and table 6 show the results of the
elongation tests right after and 18 and 36 month
after production. The results of the elongation
measurements reflect the same trend as the
results from the rotational rheometer. Depend-
ing on the degree of exfoliation and the clay con-
tent the drawing force is decreasing more or less.
The most exfoliated structures (e.g. 300 rpm or
15 wt% compatibilizer or geometry 2) show the
highest level of 3D physical network and after
storage the largest decrease in drawing force.
The same can be seen with the clay content, as
the sample with 20 wt% clay has a larger loss in
drawing force, than that with 5 wt%. Generally
spoken, the more the 3D network is established,
the more sensitive it reacts on ageing respec-
tively the easier it is damaged.

4 CONCLUSIONS
In this work the rheological (shear as well as elon-
gational) properties of different nanocomposites
(varying formulation and process conditions)
where measured right after respectively 18 and
36 months after production. The results show
clearly, that the long-term stability is massively
influenced by the size of the reactive filler surface
(interface) monitored by the clay content and the
degree of exfoliation. With increasing clay con-
tent as well as a higher degree of exfoliation the
possible interface to the polymer matrix is in -
creasing, leading to a faster and higher material
degradation. Additionally, the results of the rhe-
ological experiments show clearly the two factor
degradation mechanism. Firstly, the chain split-
ting caused by photo-oxidative degradation
leading to a loss in molecular weight shown by
the decreased zero shear viscosity (Newtonian
plateau). This well known chemical factor is
mainly influenced by the interface between poly-
mer and the particles. When using nanofillers,
this effect is multiplicated because of the nano -
scale particles and the resulting massively in -
creased interface.

The second factor is the weakened 3D net-
work displayed in the range of higher angular fre-
quencies by a decrease of the complex viscosity
(shear thinning range) as well as a higher loss in
drawing force respectively melt strength. This
physical factor can be explained by the reverse
diffusion of the polymer chains out of the clay
gallery and/or reagglomeration of the nanopar-

ticles, when the distance between the layers is
too small to overcome the interparticular forces.
This can happen in intercalated as well as high-
filled systems. The grafted compatibilizer with
very low graft grades has only minor influence
itself but is a major factor to achieve a high exfo-
liated nanocomposite. The degradation inci-
dents are occurring very fast, as no difference
could be seen in the 18 months respectively 36
months samples. Therefore also a short-term
storage or shelf-life is affected.
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